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LOCATING ATHREE-DEMENSIONAL-POSITION 
MONITORING, MERCURY SENSOR ON A SELECTED 

MEASUREMENT SITE OF THE SUBJECT. 

GENERATING, BYUSING INHERENT CONTACT OF THE 
MERCURY WITHELECTRODE POSTS WITHSAID SENSOR, 
SENSOR OUTPUT DATA THAT QUANTIFIES THE POSITION 
WITHRESPECT TO GRAVITY OFSAID MEASUREMENT SITE. 

GENERATING, BYUSING INHERENTSPLASHING OF THE 
3 MERCURY INSAID SENSOR, SENSOR OUTPUT DATA THAT 

QUANTIFIESMOTION ACTIVITY WITH THE RESPECT TOGRAVITY 
OFSAID MEASUREMENT SITE. 

CALIBRATING SENSOR OUTPUT DATA SOAS TO 
DISTINGUISHBETWEEN AND DEFINE SELECTED 

POSITIONS OF INTEREST OF THE MEASUREMENT SITE 

SAMPLING SENSOR OUTPUTDATAAT 
5 PRESCRIBEDTIME INTERVALS 

USINGSAID SENSORCALIBRATION, ASSOCIATING 
6 WITHEACH DATA SAMPLEADETERMINATION OF WHICH 

OFSAID DEFINED POSITIONS IS IN EXISTENCE AT THE 
MEASUREMENT SITE AT THE TIME OF THE DATA SAMPLE. 

7 TIME-STAMPING AND STORING SAID 
POSITION AND MOTION DATA. 

FIG. 1 
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AMBULATORY BODY POSITION MONITOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to an ambulatory 

apparatus and methods for monitoring and recording the 
position of the body and the extent of motion in each 
position of the body of a human or a lower animal. 

2. Description of the Related Art 
A human or lower animal can engage in a wide range of 

body movements. The observation of such body positions 
and movements can provide much valuable information to 
medical practitioners and researchers. 

Direct visual observations of body positions and related 
movements in each position are labor intensive, time con 
Suming and tedious. Moreover, direct visual observations 
provide only a limited range of qualitative information, 
which is itself Subject to question as Such observations 
themselves may cause the Subject to become conscious of 
and thereby alter his or her movements. 

Activity monitors have been developed for observing and 
quantifying certain aspects of bodily motions. However, 
existing monitors do not allow for the identification and 
recording of basic body positions or the level of movement 
activity being experienced while the body is in Such basic 
positions. For example: (1) the invention of Johnson et al. 
(U.S. Pat. No. 5,610,590) measures only body motion during 
sleep, (2) Colon's invention (U.S. Pat. No. 5,573,013) 
measures activity of the wrist, (3) the invention of Simkins 
et al. (U.S. Pat. No. 5,523,742) generates voltage signals 
during epilepsy seizures, (4) the integrated movement ana 
lyzing system of Cusimano et al. (U.S. Pat. No. 5,513,651) 
uses body electrodes tethered to recording apparatus to 
measure muscle activity, (5) LaCourse et al. (U.S. Pat. No. 
5,375,610) use mercury Switches contained in a body suit to 
measure activity, (6) Callaway’s invention (U.S. Pat. No. 
5,146,206) detects body movement when a patient is alight 
ing from bed preparatory to ambulation, and (7) an activity 
monitor using a single mercury tilt Switch developed by 
Florin (U.S. Pat. No. 4,348,562) attaches to an alarm to 
Signal a patient's body position change from the Supine 
position. None of this related art is seen to provide for 
ambulatory, non-tethered identification and recording of 
various basic body positions or the level of movement 
activity being experienced while the body is in Such basic 
body positions. Knowledge of this level of movement activ 
ity makes it possible to distinguish between various forms of 
bodily activities that might be performed in the same basic 
body position; for example, to distinguish walking from 
merely Standing upright. 
An apparatus or method for monitoring and recording the 

basic positions of the body and the extent of motion of a 
body in each Such positions could overcome the above noted 
disadvantages of prior monitors, and would be a valuable 
tool in many areas of medicine, including: (1) research, 
diagnosis and treatment of Sleep disorders and neurological 
abnormalities (e.g., epilepsy and hyperactivity), (2) for 
reducing the risk of Sudden infant death syndrome (SIDS), 
where it has been shown that babies Sleeping in the prone 
position are more likely associated with an increased risk of 
crib deaths, (3) osteoporosis research, where the effects of 
weight bearing are Studied on bone development and 
atrophy, (4) for the bedridden, to reduce the risk of bed sores, 
(5) treatment of various medical conditions, Such as post 
Surgical recovery or certain forms of arthritis, where main 
taining a minimum amount of time Standing or Sitting is 
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2 
considered an important part of the treatment, and (6) in 
addition to human applications, for the Study of the effects 
of medications and the environment on the positional activ 
ity and behavior of lower animals. 

For example, for Sleep disorderS Such as Sleepwalking, 
diagnosis and treatment evaluation has been hampered by 
the problems associated with recording relatively rare events 
which are not typically remembered by the patient. Thus, the 
number, time of occurrence and pattern of motor behavior 
for the typical patient's Sleepwalking events has therefore 
never been adequately monitored and recorded. Doing So 
would require at least minute by minute recording of the 
patient's body positions over many days while the patient 
stays in the comfort and convenience of their own home. 

Recognizing the need for an improved apparatus or 
method for monitoring and recording body positions and the 
extent of motion in each Such position, it is therefore a 
general object of the present invention to provide a novel 
ambulatory, body position monitor having additional record 
ing and alarm-Sounding capabilities. 

SUMMARY OF THE INVENTION 

The present invention is generally directed to Satisfying 
the needs set forth above and the problems identified with 
prior body monitors. The problems, of having to harneSS the 
to-be-monitored Subject to laboratory recording equipment 
and the monitors insufficient responsive capabilities to the 
data being collected, are resolved by the present invention. 

In accordance with one preferred embodiment of the 
present invention, the foregoing need can be Satisfied by 
providing an ambulatory body position monitor comprising: 

a three-dimensional-position monitoring, mercury Sensor, 
a programmable control unit that receives as input Some 

form of the output from Said Sensor, Said control unit 
having the capability to Sufficiently interpret Said input 
So as to determine the position and related movements 
with respect to gravity of the measurement Site at which 
Said Sensor is located on its user's body, 

a storage device, operable by Said control unit, that Stores 
time-Stamped, data regarding the user's body position 
and related movements, and 

an interface device, operable by Said control unit, that has 
the capability of transferring Said Stored data to an 
external computer, 

a display unit, operable by Said control unit, that Visually 
communicates information regarding the user's body 
position, 

wherein, for monitoring Subjects with Sleepwalking and 
other Sleep disorders and for which it is necessary to 
distinguish between the user's positions of Sitting, 
walking or Standing, a first monitor is situated on the 
user's chest and a Second monitor is situated at a 
location chosen from among the group consisting of 
locations on the thigh and the ankle, 

where it is understood that the description above is meant 
to generally illustrate the present invention, and not in 
any way limit the many embodiments in which it can be 
practiced. For example, it is clear that this invention 
could also take the form of a method for monitoring 
body position. 

This new ambulatory body position monitor is Seen to 
achieve its primary object of providing an improved position 
monitor having additional recording and alarm-Sounding 
capabilities. Furthermore, this monitor eliminates the 
requirement that Such monitors be connected through cables 



6,095,991 
3 

to external data Storage and processing devices, thereby 
often effectively dictating that Such monitoring activities be 
conducted in clinical laboratories. 

Another object of the current invention is to provide an 
apparatus and method for monitoring and recording the 
position and extent of motion of a body that will be a 
valuable tool in many areas of medicine, including: (1) 
treatment of those with sleep disorders and neurological 
abnormalities, (2) for reducing the risk of Sudden infant 
death syndrome (SIDS), (3) osteoporosis research, (4) for 
the bedridden, to reduce the risk of bed Sores, (5) treatment 
of various medical conditions, Such as post-Surgical recov 
ery or certain forms of arthritis, and (6) in addition to human 
applications, for the Study of the effects of medications and 
the environment on the positional activity and behavior of 
lower animals. 

Other objects and advantages of this invention will 
become readily apparent as the invention is better under 
stood by reference to the accompanying drawings and the 
detailed description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic flow diagram which depicts a 
method in accordance with a preferred embodiment of the 
present invention. 

FIG. 2 is a front view of a suitable mercury sensor for the 
practice of the embodiment of the invention shown in FIG. 
1. 

FIG. 3 is a Schematic block diagram which depicts an 
ambulatory body position monitor in accordance with a 
preferred embodiment of the present invention. 

FIG. 4 is the bar graph output of ambulatory body position 
monitors worn at the chest and thigh of a sleeping walking 
patient showing an actual Sleepwalking event lasting 
approximately six minutes. 

FIG. 5 depicts various measurement sites where ambula 
tory body position monitors might be mounted to distinguish 
between defined body positions of interest. 

FIG. 6 displays an upper bar graph output of an ambula 
tory monitor worn at the chest of an insomniac patient 
showing the patient's dominant body position during each 
thirty Second interval during the monitoring period. The 
lower bar graph shows the patient's related movement 
activity during this same period and shows how this infor 
mation is used to distinguish walking activity from the 
patient generally being in an upright position. Finally, a box 
diagrams shown at the bottom that illustrates the percentage 
of time the patient was in each of these basic body positions 
during the monitoring period. 

FIG. 7 shows the generally linear relationship of activity 
counts generated by mercury Splashing within a Sensor worn 
by one who walks on a treadmill at increasing rates of Speed 
from Zero to four miles per hour. 

FIG. 8 is the schematic circuit diagram for the ambulatory 
body position monitor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings wherein are shown pre 
ferred embodiments and wherein like reference numerals 
designate like elements throughout, there is shown in FIG. 
1 a Schematic flow diagram which depicts a method in 
accordance with a preferred embodiment of the present 
invention for monitoring and recording the position of the 
body of a fully ambulatory subject. 
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4 
In this embodiment the method is seen to comprise the 

Steps of (1) locating a three-dimensional-position 
monitoring, mercury Sensor on a Selected measurement Site 
of the Subject, (2) generating, by using inherent contact of 
the mercury with various electrode posts within Said Sensor, 
Sensor output data that quantifies the position with respect to 
gravity of Said measurement site, (3) generating, by using 
inherent Splashing of the mercury in Said Sensor, Sensor 
output data that quantifies motion activity with respect to 
gravity of Said measurement site, (4) calibrating Sensor 
output data So as to distinguish between and define Selected 
positions of interest of the measurement site, (5) sampling 
Sensor output data at prescribed time intervals, (6) using said 
Sensor calibration, associating with each data Sample a 
determination of which of Said defined positions is in 
existence at the measurement Site at the time of the data 
Sample, and (7) time-stamping and storing said position 
data. 

In another preferred embodiment, the present invention is 
Seen to take the form of an ambulatory body position 
monitor. A general Overview of this embodiment is shown in 
FIG. 2 which provides a schematic block diagram of an 
ambulatory body position monitor. It comprises: (1) a three 
dimensional-position monitoring, mercury Sensor, (2) a pro 
grammable control unit that receives as input the output 
from the Sensor and has the capability to Sufficiently inter 
pret Said input So as to determine the position and extent of 
motion with respect to gravity of the measurement Site at 
which said Sensor is located on its user's body, (3) a storage 
device, operable by Said control unit, that Stores time 
Stamped, data regarding both the user's body position and 
the motion activity relative to the body position, and (4) an 
interface device that has the capability of transferring the 
Stored data to an external computer. 
A Suitable mercury Sensor for the practice of the embodi 

ments of the invention shown in FIGS. 1 and 2 has been 
found to be a modified version of the miniaturized Sandia 
Switch manufactured by Fifth Dimension, Inc., Trenton, 
N.J., and originally developed for Sandia Laboratories and 
military applications. This sensor is shown in FIG. 3 to 
consist of a globular shaped, glass envelope that measures 
approximately 1.3 cm in diameter and contains Sixteen 
electrode posts, eight of which are used as active elements 
and eight of which are used as reference elements. These are 
equally spaced around the Surface of the envelope to accu 
rately register the physical position of the envelope relative 
to gravity. 

Within this envelope, a small pool of mercury covers the 
bottom-most group of electrode posts. From experimenta 
tion for the development of a monitor for use in the study of 
patients with Sleepwalking and other Sleep disorders, it was 
found that the best results were achieved by using a mercury 
pool of approximately 1000 mg. AS the Sensor envelope is 
rotated, the mercury covered electrode groupings change 
and yield Sensor outputs through the contacts. The informa 
tion from the eight active elements gives 256 unique out 
come values which are each matched with a truth table to 
determine the Sensor's current position relative to gravity. 
The output from this Sensor with appropriate Software 

detection and digital filter algorithms was found to be Such 
as to allow one to distinguish and define forty basic body 
positions of interest. For the monitoring of patients with 
Sleep disorders, it was found Sufficient to utilize only six (ie., 
patient lying Supine, prone, or on right or left Side, Sitting, 
walking) of these forty positions to characterize the patients 
body position and motion during periods of Sleep. 

This Sensor-positional-resolution capability was achieved 
by wiring each of the Sensor's active electrode posts to the 
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parallel input port of a computer. Eight-bit binary data 
values were then generated and Stored as a reference truth 
table to establish a database of information identifying each 
rotational position of the Sensor as the Sensor was rotated in 
three dimensions. Additionally, for Visual verification, the 
eight active electrode posts were connected through a bat 
tery to eight individual LED lights. The sensor was then 
rotated while noting which combinations of LEDs would 
light indicating which electrodes were contacting the pool of 
mercury residing at the bottom of the envelope. Each 
physical position relative to gravity presented a different 
pattern of lights. Shaking the envelope produced an effect in 
which all the LEDs would flash or sparkle, with the group 
of LEDS representing the dominate physical position glow 
ing the brightest. Thus, no matter how much mercury 
Splashing might be generated by walking or other motions, 
a Software filter could easily distinguish the envelope's 
physical position. 

For a programmable control unit Suitable for use in this 
embodiment, a microprocessor is used to provide Signal 
filtering, timing, control and position decoding capabilities. 
A suitable microprocessor has been found to be the ultra-low 
power CMOS micro controller Microchip PIC16C74, oper 
ating at 32,768 hertz with a 4Kx14 bit internal, nonvolatile 
resident memory for the microprocessor's application 
program, with an on-chip 8 channel, 8 bit analog to digital 
converter, 33 input/output pins and a Serial communications 
interface (SCI). The eight active elements of the sensor are 
directly interfaced to the 8 bit input port of the micropro 
ceSSor. Support components and circuit chips were of Sur 
face mount technology (SMT). 
A Storage device Suitable for use in this embodiment has 

been found to be 32K of solid-state memory (four 8Kx8 byte 
nonvolatile chips). With Sampling of the Sensor output every 
Second and determining the Sensor's dominant position 
during this period on a thirty or Sixty Second basis, this 
Storage device can Store Such data for up to twenty-two dayS. 
A major advantage of using nonvolatile memory is that the 
data is always resident and retrievable, and corruption of this 
data is remote even if the monitor's batteries fail. A Sche 
matic circuit diagram for the ambulatory body position 
monitor is shown in FIG. 8. 
By increasing this Sampling rate to approximately 10 

Samples per Second, it was determined that the rate of 
change from one position to another could also be measured. 
To illustrate the operation of the above described 

hardware, consider the Situation where the application pro 
gram for the microprocessor was written to yield the fol 
lowing mode of operation to Study patients with Sleep 
disorders: All eight active Sensor elements, as an eight bit 
byte (group), are sampled once per Second. Each byte 
Sample is then checked against a decoding table (i.e., truth 
table with 256 combinations) to determine which one of the 
Six defined body positions (i.e., patient lying Supine, prone, 
or on right or left side, sitting, walking) is indicated by the 
Sensor's output. If the Sensor's output matches any of the Six 
identified table groups, a count representing an identified 
body position is entered into the corresponding bin of a 6-bin 
histogram. After monitoring Such positional data for a cho 
Sen time epoch, the bin having the largest numbers of counts 
is indicative of the dominant body position which existed at 
the Sensor during the time epoch in question. This position 
data is then Saved in memory for each time epoch which 
passes during this positional monitoring process. 

In addition to identifying basic body positions by mercury 
Settling to the bottom-most position of the Sensor relative to 
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6 
gravity and contacting at least one or as many as four 
electrode posts of the eight active posts at any one time, the 
occurrence of the mercury Splashing acroSS the electrodes as 
the result of Sensor's motion provides information regarding 
the amount and intensity of this motion. During natural body 
movements, Such as changing Sleeping positions, rolling or 
twisting about, etc., Splashing of the mercury occurs which 
provides a means for quantifying the amount and intensity of 
this motion. 

Using Software detection and filtering algorithms, the 
microprocessor's firmware provides a measure of the num 
ber of times the mercury Splashes acroSS the active electrode 
posts. This information provides a quantifiable measure of 
the body movement associated with this degree of mercury 
Splashing. 

Therefore, besides the determination of the predominate 
body position, movement activity while in each identified 
body position can be assessed as an independent measure. 
For this measure, the monitor is programmed to count the 
number of Splash events or electrode hits per recording time 
epoch that are not related to the predominate body position 
as determined by the previously mentioned truth table. 

Also, when the body is determined to be in the upright or 
Standing position, excessive Splashes indicate walking 
activity, while little or no Splash activity indicates a more 
Stationary or Standing position. AS shown in FIG. 7, activity 
data generated by Subjects walking on a treadmill with the 
monitor attached to their chest is essentially linearly related 
to the indicated speed of the treadmill from Zero to four 
miles per hour. This activity data is also saved in memory for 
each time epoch during the monitoring process. An example 
of this data is shown in FIG. 6. 
An interface device Suitable for use in the embodiment 

shown in FIG. 2 serves two important functions: controlling 
duplex Serial data flow between the monitor and an external 
computer, and providing precise time Synchronization in 
those situations when more than one monitor are in opera 
tion. To accomplish these functions a Smart cable was 
developed that allows for direct duplex communication 
between the monitor and an external computer. This is 
accomplished by using an embedded circuit in the cable to 
convert serial input/output monitor data to RS232 format for 
compatibility with the external computer. This cable allows 
each monitor to be preset to Start recording at the same time 
of day and allows each to be synchronized with the clock of 
the external computer. 
With Such interfacing capabilities, an external computer 

can be programmed to provide the functionality to: (1) read 
and clear the monitor's memory, while Setting the 
intermediate-recording interval, (2) Save and recall position 
and activity data from a hard drive or floppy disk, (3) Set 
monitor recording delays (used to Synchronize monitors), 
and (4) display and print data. 
When the monitor's data is downloaded to an external 

computer, the data may be analyzed in a number of ways. 
For example, the data can be both converted to an ASCII text 
file for Spread sheet compatibility and displayed on a per 
Sonal computer Screen in bar graph form for ease of viewing. 
An example of this format is shown in FIG. 4 for the 
monitoring of a patient with a sleepwalking disorder and in 
FIG. 6 for the monitoring of a patient with insomnia. 

Depending on the purpose of the monitoring activity, it 
may be appropriate to locate the monitor on any one of a 
number of measurement sites on the body of the subject 
to-be-monitored. For example, for sleep disorder Studies, 
measurement sites at the chest (center line of the thorax), 
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thigh (above the knee) and ankle have been found to be 
useful. Depending on the location of the monitor, a truth 
table for that body position can be developed to decode the 
Sensor's output to distinguish the defined body positions of 
interest. 

For Some body positions, it may be necessary to use more 
than one monitor and to Simultaneously analyze the moni 
tor's outputs in order to distinguish Such positions. For 
example, if in Sleep disorder Studies the distinction between 
Sitting and walking or Standing is not important, then a 
Single monitor at the chest will Suffice. If however, the Sitting 
and Standing/walking positions need to be separately 
identified, then a Second monitor on the thigh or ankle is 
required in addition to the monitor on the chest. Such 
monitor arrangements are shown in FIG. 5. 

For the purpose of monitoring the physical positions of 
other parts of the body, it would be appropriate to locate the 
monitor at other measurement Sites, including the arms, legs, 
trunk or head of the Subject to be monitored. For example, 
for Sleep apnea Studies, it would be of interest to monitor the 
position of the head. Similarly, for behavior assessments 
Such as hyperactivity, the position and related motion of the 
Subject's trunk, legs, arms and hands would be of great 
interest. 

To determine the accuracy of an embodiment of the 
present invention configured for use in Sleep disorder 
Studies, Sleepingwalking patients from the Johns Hopkins 
Sleep Disorder Center wore such monitors while in the sleep 
lab where their sleep was recorded on video tape. The video 
tape was time Synchronized with the monitors outputs which 
were analyzed to identify any significant events (e.g., at least 
five minutes of consecutive sitting up of Standing up) during 
the patients' nights Sleep. These events were then checked 
against the independent observations from the Video tapes. 
All of the video taped events were detected by the monitors. 
One of the patients had a six minute Standing and walking 
episode including a conversation with the research Staff, 
with no recall of the event the next day. The monitor's output 
for this period was previously shown in FIG. 4. 

The programmable nature of the control unit used in the 
ambulatory body position monitor disclosed herein, means 
that the present invention can have many embodiments. For 
example, for Some applications it may prove to be beneficial 
to add a display unit, Such as a LCD readout, for continually 
displaying the positional Status of the monitor, as shown in 
FIG. 2. 

In another application for the treatment of patients with 
Sleepwalking disorders, it has been found beneficial to 
provide the monitor with the capability to respond to the data 
being collected and to Sound an alarm when the user's 
position is measured to assume a specified position. This is 
easily achieved by adding an alarm unit to the monitor as 
shown in FIG. 2. Another variation of this embodiment 
would be the addition of a radio frequency transmitter to 
Signal a remote, wireleSS receiver that would in-turn Sound 
an alarm at the receiver's remote location, or would auto 
matically dial a telephone at a Second remote location to 
announce the existence of the alarm condition. 

For other applications where it is desire to have only this 
alarm capability, while at the same time reducing the cost of 
the monitor, the alarm unit can be added and the Storage and 
interface devices eliminated from the monitor. A Suitable 
alarm for this application is a piezo type with a built in driver 
and operating at about 2,400 hertz and yielding 95 decibels. 
Such an alarm requires a 12 volt battery for power rather 
than the lithium battery which has been found to be satis 
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factory for powering the basic monitor shown in FIG. 2. 
Additionally, it may be controlled by a ultra-low power, 
CMOS micro controller Microchip PIC16C71 with a 1Kx14 
bit internal nonvolatile resident memory for the micropro 
ceSSor's application program, with an on-chip, analog to 
digital converter and 13 input/output pins. 
AS an alarm monitor for Sleepwalkers, it has been found 

that the defined body positions of interest include only the 
upright position and the motion of walking. The application 
firmware program for this monitor can be written accord 
ingly to provide that if walking occurs for greater than a 
Specified period (e.g., 15 or 30 Seconds), the alarm unit is 
Sounded until a reset button is pressed, as shown in FIG. 2. 
Additionally, this application program can provide that the 
micro controller only be activated when the monitor is in the 
upright position. This allows the power for the micro con 
troller to be reduced to about 2 micro amps when the 
monitor is in the lying plane for longer than a Specified 
period (e.g., 5 minutes). When the Subject Stands, the upright 
Sensor Signal powers up the monitor. 
A further application of the present invention would be to 

integrate the positional and motion detecting properties of 
the device with other monitoring instruments, Such as 
Oximeters, apnea monitors, respiration monitors, airflow 
monitors, heart rate monitors, activity and other types of 
medical monitors for the purposes of gaining a better 
understanding of the physiological function being measured. 
For example, the position and motion of the Subject's body, 
head or limbs could provide valuable qualitative information 
for the rejection of artifacts (e.g., false oximeter indicated 
periods of breathing abnormalities in Sleep apnea Studies) 
and a more accurate assessment of the physiological func 
tion being monitored. 

It will be appreciated that the ambulatory body position 
monitor disclosed herein is seen to achieve its primary 
object of providing an improved position monitor having 
additional motion recording and alarm-Sounding capabili 
ties. Furthermore, this ambulatory monitor eliminates the 
requirement that Such monitors be connected through cables 
to external data Storage and processing devices, thereby 
often effectively dictating that Such monitoring activities be 
conducted in clinical laboratories. 

Although the foregoing disclosure relates to preferred 
embodiments of the invention, it is understood that these 
details have been given for the purposes of clarification only. 
Various changes and modifications of the invention will be 
apparent, to one having ordinary skill in the art, without 
departing from the Spirit and Scope of the invention as 
hereinafter set forth in the claims. 
We claim: 
1. An ambulatory body position monitor that is located at 

a measurement Site on a user whose position is to be 
monitored, comprising: 

a three-dimensional-position monitoring, mercury Sensor, 
a programmable control unit that receives as input the 

output from the Sensor and has the capability to Suffi 
ciently interpret Said input So as to determine the 
position and extent of motion with respect to gravity of 
the measurement Site at which Said Sensor is located on 
its user's body, 

a storage device, operable by Said control unit, that Stores 
time-Stamped, data regarding the user's body position, 

an interface device, operable by Said control unit, that has 
the capability of transferring Said Stored data to an 
external computer, 

a display unit, operable by Said control unit, that Visually 
communicates information regarding the user's body 
position, 
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wherein, for monitoring Subjects with Sleepwalking and 
other Sleep disorders and for which it is necessary to 
distinguish between the user's positions of Sitting, 
walking or Standing, a first monitor is situated on the 
user's chest and a Second monitor is situated at a 
location chosen from among the group consisting of 
locations on the thigh and the ankle. 

2. An ambulatory body position monitor as recited in 
claim 1, wherein: 

Said interface device includes a Smart cable that allows for 
duplex communications between Said monitors and an 
external computer that is used to Synchronize and 
analyze the outputs of Said monitors. 

3. An ambulatory body position monitor as recited in 
claim 2, wherein: 

Said programmable control unit includes a microprocessor 
having Solid-State programmable, resident memory, an 
analog to digital converter and a Serial communication 
interface. 

4. An ambulatory body position monitor as recited in 
claim 3, wherein: 

Said Storage device includes nonvolatile, Solid-State 
memory. 

5. An ambulatory body position monitor as recited in 
claim 3, wherein: 

Said programmable control unit further includes the capa 
bility to interpret Said Sensor input So as to determine 
the extent of the user's physical motion in each body 
position. 

6. An ambulatory body position monitor that is located at 
a measurement Site on a user whose position is to be 
monitored, comprising: 

a three-dimensional-position monitoring, mercury Sensor, 
a programmable control unit that receives as input the 

output from the Sensor and has the capability to Suffi 
ciently interpret Said input So as to determine the 
position with respect to gravity of the measurement site 
at which Said Sensor is located on its user's body, 

an alarm unit with audio output device, operable by Said 
control unit, that can generate an audible alarm Signal 
in response to a Set body position being detected by Said 
SenSOr, 

a Selection input device, connected to Said control unit, for 
Setting the desired operating parameters of Said 
monitor, including the capability to disarm Said alarm 
unit, and 

a radio frequency transmitter, connected to Said control 
unit, for Signaling a remote, wireleSS receiver to Sound 
an alarm at Said remote location. 

7. An ambulatory body position monitor that is located at 
a measurement Site on a user whose position is to be 
monitored, comprising: 

a three-dimensional-position monitoring, mercury Sensor, 
a programmable control unit that receives as input the 

output from the Sensor and has the capability to Suffi 
ciently interpret Said input So as to determine the 
position with respect to gravity of the measurement site 
at which Said Sensor is located on its user's body, 

an alarm unit with audio output device, operable by Said 
control unit, that can generate an audible alarm Signal 
in response to a Set body position being detected by Said 
SenSOr, 
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10 
a Selection input device, connected to Said control unit, for 

Setting the desired operating parameters of Said 
monitor, including the capability to disarm Said alarm 
unit, and 

a radio frequency transmitter, connected to Said control 
unit, for Signaling a wireleSS receiver, that is situated at 
a first remote location, to dial a telephone to announce 
at a Second remote location the alarm condition. 

8. A method for monitoring and recording the position of 
the body of a fully ambulatory Subject, comprising the Steps 
of: 

locating a three-dimensional-position monitoring, mer 
cury Sensor on a Selected measurement Site of the 
Subject, 

generating, by using inherent contact of the mercury with 
electrode posts within Said Sensor, Sensor output data 
that quantifies the position with respect to gravity of 
Said measurement site, 

generating, by using inherent Splashing of the mercury in 
Said Sensor, Sensor output data that quantifies motion 
activity with respect to gravity of Said measurement 
Site, 

calibrating Sensor output data So as to distinguish between 
and define Selected positions of interest of the mea 
Surement site, 

Sampling Sensor output data at prescribed time intervals, 
using Said Sensor calibration, asSociating with each data 

Sample a determination of which of the defined posi 
tions is in existence at the measurement Site at the time 
of the data Sample, 

Sounding an audible alarm Signal in response to a Set body 
position being detected by Said Sensor, and 

using a radio frequency transmitter to Signal a remote, 
wireleSS receiver So that Said alarm is Sounded at a 
remote location. 

9. A method for monitoring and recording the position of 
the body of a fully ambulatory Subject, comprising the Steps 
of: 

locating a three-dimensional-position monitoring, mer 
cury Sensor on a Selected measurement Site of the 
Subject, 

generating, by using inherent contact of the mercury with 
electrode posts within Said Sensor, Sensor output data 
that quantifies the position with respect to gravity of 
Said measurement Site, generating, by using inherent 
Splashing of the mercury in Said Sensor, Sensor output 
data that quantifies motion activity with respect to 
gravity of Said measurement Site, calibrating Sensor 
output data So as to distinguish between and define 
Selected positions of interest of the measurement Site, 

Sampling Sensor output data at prescribed time intervals, 
using Said Sensor calibration, asSociating with each data 

Sample a determination of which of the defined posi 
tions is in existence at the measurement Site at the time 
of the data Sample, 

Sounding an audible alarm Signal in response to a Set body 
position being detected by Said Sensor, and 

using a radio frequency transmitter to Signal a remote, 
wireleSS receiver, that is situated at a first remote 
location, to dial a telephone to announce at a Second 
remote location the alarm condition. 


